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CONTROL SYSTEM AND METHOD FOR 
CONTROLLING A HYBRID PETROLEUM 
EXTRACTOR/POWER GENERATOR 

REFERENCE TO RELATED APPLICATIONS 

This application claims priority from co-pending US. 
application Ser. No. 11/751,028 entitled “PORTABLE AND 
MODULAR SYSTEM FOR EXTRACTING PETROLEUM 
AND GENERATING POWER” to Robert Zubrin et al., ?led 
on May 20, 2007, the entirety of Which is hereby incorporated 
by reference herein. 

FIELD OF THE INVENTION 

This invention relates to a control system and a control 
method for an oil extracting/electricity generating apparatus. 
More particularly, the present invention relates to a control 
system and a control method for a portable and modular 
system/apparatus used to extract oil and/ or generate electric 
1ty. 

BACKGROUND OF THE INVENTION 

Currently there are tens of thousands of depleted oil and 
natural gas Wells around the World, Which collectively pos 
sess signi?cant amounts of petroleum resources that cannot 
currently be extracted using conventional extraction tech 
niques. 

For example, in a typical oil Well, only about 30% of the 
underground oil is recovered during initial drilling (“primary 
recovery”). An additional approximately 20% of the original 
oil may be accessed by “secondary recovery” techniques such 
as Water ?ooding. In recent years, “tertiary recovery” (also 
knoWn as “Enhanced Oil Recovery” or EOR) techniques have 
been developed to recover additional oil from depleted Wells. 
Such tertiary recovery techniques include thermal recovery, 
chemical injection, and gas injection. Using current methods, 
these tertiary techniques alloW for an additional 20% or more 
of the original oil to be recovered. 

Gas injection is one of the most common EOR techniques. 
In particular, carbon dioxide (CO2) injection into depleted oil 
Wells has received considerable attention oWing to its ability 
to mix With crude oil. Since crude oil is miscible With CO2 at 
moderate pressures and temperatures, injection of CO2 ren 
ders the oil substantially less viscous and more amenable to 
recovery. 

Despite the potential advantages of CO2 in enhanced oil 
recovery, its use has been hampered by several factors. For 
instance, in order for the enhanced recovery process to be 
economically viable, the CO2 gas must be available in copi 
ous supplies at reasonable cost at the site of the oil Well. 
Alternatively, CO2 can be produced from industrial applica 
tions such as natural gas processing, fertilizer, ethanol and 
hydrogen plants Where naturally occurring CO2 reservoirs are 
not available. The CO2 must then be transported over large 
distances via pipelines and injected at the Well site. Unfortu 
nately, such CO2 pipelines are dif?cult and costly to con 
struct. Additionally, many oil sites are out of reach from such 
natural and industrial sources of CO2. 

Additionally, as a result of Widespread concern over global 
Warming, proposals are being considered to create taxes on 
CO2 emissions, With typical ?gures in the range of $50 per 
tonne of CO2 released into the atmosphere. HoWever, most 
electric poWer plants, Which burn coal or natural gas to gen 
erate electricity, produce large quantities of CO2 Waste prod 
uct. Using present technologies, it is often not economically 
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2 
feasible to utilize the CO2 from such poWer plants for oil 
recovery because they are not Within close reach of oil ?elds. 
Thus, the cost of sequestering CO2 in the ground is often not 
economically feasible. 

In addition to CO2, another gas that can potentially be used 
for enhanced oil recovery is hydrogen (H2). Hydrogen gas has 
received considerably less attention than CO2, hoWever. 
Hydrogen, although someWhat soluble With oil, is far less so 
than CO2. Large quantities of hydrogen are believed to be 
necessary for pressurization and long residence times are 
believe necessary for in-situ hydrogenation. Traditionally, 
hydrogen has been costly to produce and its use has not been 
justi?ed from an economic standpoint. 

As recognized by the present inventors and described in 
related patent applications, What is needed is a portable and 
modular system and apparatus that may be taken Wherever a 
candidate oil ?eld may be, for extracting oil/petroleum from 
the ground or from oil Wells, such as “depleted” oil Wells and 
for generating electricity Without harmful greenhouse gas 
emissions. 

HoWever, as recognized by the present inventors, What are 
also needed are control methods and control systems for 
controlling the portable/modular oil extracting/poWer gener 
ating apparatus based on such factors as subsurface data, and 
market prices of crude oil and electricity. What is needed is an 
automatic control system and method for automatically con 
trolling the oil extracting apparatus With minimum human 
supervision. 

Therefore, it Would be an advancement in the state of the art 
to provide a control system and a control method for a por 
table/modular apparatus that automatically controls the appa 
ratus to generate carbon dioxide for enhanced oil recovery 
and to generate electricity from hydrogen. 

It is against this background that various embodiments of 
the present invention Were developed. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is related to a control system and 
control method for a portable/modular apparatus for generat 
ing a gas mixture that may be used to drive currently unre 
coverable oil from a near-depleted, or depleted, oil reservoir. 
An embodiment of the present invention may be applied to a 
portable CO2 generation system, Which also generates large 
supplies of hydrogen. The hydrogen gas may be injected into 
the oil Well, either separately or in combination With the CO2 
gas. The hydrogen gas may also be used to generate poWer in 
the form of electricity. 
A control system and a control method according to the 

present invention may be applied to a portable apparatus that 
generates a mixture of hydrogen, carbon dioxide, and possi 
bly other gases (“driver gas”) by reforming a fuel source, such 
as coal, With Water. A portion of the hydrogen gas is separated 
from the driver gas mixture by using a gas separator, such as 
a sorption bed. A portion of the hydrogen gas thus separated 
may be used to generate poWer, such as by burning the hydro 
gen gas in a gas turbine to generate electricity. Finally, a 
portion of the driver gas, including a portion of the hydrogen 
gas and the carbon dioxide gas, are injected into an oil Well for 
enhanced oil recovery. The hydrogen may be injected simul 
taneously With the CO2 into the oil Well for enhanced oil 
recovery or used solely for electricity generation. Depending 
upon various factors such as the particular composition of the 
underground oil, as Well as the local cost of electrical poWer, 
an operator of the present invention may ?nd it advantageous 
to use hydrogen in different proportions for these various 
purposes.A control system and a control method according to 
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the present invention automatically control the portable/ 
modular apparatus (called a Driver Gas Generation System, 
or “DGGS”) With minimum human supervision. 
A control module is used to control the operation of the 

DGGS both automatically and based on user-input. The con 
trol module may use sub surface data to automatically regulate 
the operation of the system via feedback control. This alloWs 
the DGGS to operate With minimal human supervision or 
labor. The control module also provides an interface for an 
operator to control, maintain, and supervise the operation of 
the DGGS. 

The subsurface data used to control the DGGS may include 
total pressure, partial pressure of carbon dioxide, partial pres 
sure of hydrogen, oil ?oW rate, gas ?oW rate, underground 
temperature, and/or viscosity of the oil. A pressure measure 
ment probe leading doWn the injection line may measure the 
total underground pressure. Similarly, the underground par 
tial pressure of the carbon dioxide gas and the partial pressure 
of the hydrogen gas may be measured by a carbon dioxide/ 
hydrogen pressure probe leading doWn the injection line. The 
control module can control the system based on the total 
measured pressure, as Well as the measured partial pressures 
of hydrogen and/ or carbon dioxide gas. 

The oil ?oW rate may be measured by a How meter, and the 
control module may control the system based on the reading 
from the oil ?oW meter. Additionally, the driver gas ?oW rate 
may also be measured by a second ?oW meter attached to the 
injection module, and the control module may control the 
system based on the reading from the driver gas ?oW meter. 
The oil ?oW meter and the driver gas ?oW meter may also 
serve a secondary purpose of metering the amount of oil 
extracted and the amount of driver gas used for system main 
tenance, optimization, as Well as billing purposes. For 
example, an operator of the system Who leases the equipment 
may pay a leasing fee based on the amount of oil extracted or 
the amount of driver gas generated. 

The control module may also measure the underground 
temperature of the oil using a temperature probe leading 
doWn the injection line, and control the system based on the 
measured underground temperature. A viscosity probe lead 
ing doWn the injection line may measure the viscosity of the 
underground oil, and the control module can control the sys 
tem based on the measured underground viscosity of the oil. 
The control module may also use other subsurface param 
eters, or data taken from measurement probes, to automati 
cally regulate the operation of the fuel reformer module, the 
injection module, and the other sub-systems (modules). 

In one embodiment, a control method for controlling the 
DGGS includes the steps of measuring total pressure inside 
the oil Well, and controlling the driver gas output from the 
DGGS based on the total pressure. The control method may 
increase the output from the reformer module When the mea 
sured pressure is beloW a predetermined threshold, and 
decrease the output from the reformer module When the mea 
sured pressure is above a predetermined threshold. 

In another embodiment, a control method for controlling 
the DGGS includes the steps of measuring the partial pressure 
of hydrogen inside the oil Well, and controlling the injection 
module based on the measured pressure. The control method 
may control the gas separator module to separate hydrogen 
gas from the driver gas, and control the injection module to 
output more hydrogen gas When the measured partial pres 
sure of hydrogen is beloW a predetermined threshold, and to 
output less hydrogen gas When the measured partial pressure 
of hydrogen is above a predetermined threshold. 

In yet another embodiment, a control method for control 
ling the DGGS includes the steps of measuring the partial 
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4 
pressure of carbon dioxide, and controlling the injection mod 
ule based on the measured pressure. The control method may 
control the gas separator module to separate carbon dioxide 
gas from the driver gas, and control the injection module to 
output more carbon dioxide gas When the measured partial 
pressure of carbon dioxide is beloW a predetermined thresh 
old, and to output less carbon dioxide gas When the measured 
partial pressure of carbon dioxide is above a predetermined 
threshold. 

In yet another embodiment, a control method for control 
ling the DGGS includes the steps of measuring the viscosity 
of the oil, and controlling the injection module based on the 
measured viscosity. The control method may control the 
injection module to output more driver gas When the mea 
sured viscosity is beloW a predetermined threshold and to 
output less driver gas When the measured viscosity is above a 
predetermined threshold. 

In yet another embodiment, a control method for control 
ling the DGGS includes the steps of measuring the How rate 
of the oil, and controlling the injection module based on the 
measured oil ?oW rate. The control method may control the 
injection module to output more driver gas When the mea 
sured oil ?oW rate is beloW a predetermined threshold and to 
output less driver gas When the measured oil ?oW rate is above 
a predetermined threshold. 

In yet another embodiment, a control method for control 
ling the DGGS includes the steps of measuring the gas ?oW 
rate of the driver gas, and controlling the injection module 
based on the measured gas ?oW rate. The control method may 
control the injection module to output more driver gas When 
the measured gas ?oW rate is beloW a predetermined thresh 
old and to output less driver gas When the measured gas flow 
rate is above a predetermined threshold. 
The above control methods may be implemented as a con 

trol system using negative feedback for controlling the DGGS 
to extract oil from an oil Well in an optimal fashion. The 
control methods may be implemented in softWare, Which may 
be stored on one or more computer-readable storage media. 
The computer-readable media may be used in a general 
purpose computer to control the operation of the DGGS. 
The control module may also be used to control the appa 

ratus based on input from a human operator. The control 
module may include a set of controls, or a user interface 
running on an operating system, for user-driven control of the 
DGGS. The control module may be remotely operated, such 
as over the Internet or other network, in order to alloW 
increased ?exibility and remote surveillance and monitoring 
of the operation of the DGGS. An operator may remotely, 
automatically, and intelligently control the operation of sev 
eral different DGGS units situated in several different oil 
Wells (Which may be situated at several different oil ?elds, 
Which may be spaced hundreds or even thousands of kilome 
ters apart) from a single control terminal located anyWhere on 
the Internet. 

For example, the human operator may use the control mod 
ule to control the gas separator module and the poWer gen 
erator module based on the local price of electricity. That is, 
if the local price of electricity has increased and/ or the oil site 
requires more poWer, the human operator may chose to divert 
more of the hydrogen to electricity generation rather than for 
use in oil recovery. The opposite condition may hold if the 
local price of electricity dropped or if the market price of oil 
rose; in this case the human operator may divert more of the 
hydrogen gas for enhanced oil recovery. (Alternatively, this 
optimization operation may be performed automatically by 
the control module based on inputs of the market prices and 
other parameters.) The human operator may also use the 












































